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ing force to movement of a simulated control member 
in a grounded flight trainer. The invention utilizes an 
electric motor connected to the control member by a 
flexible element which, in the disclosed embodiment, 
comprises a continuous cable with a predetermined 
amount of slack. This allows some degree of differen- 
tial movement between the control member and mo- 
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APPARATUS FOR SIMULATING AIRCRAFT 
CONTROL LOADING 


The present invention relates to fixed-base aviation 
trainers and, more specifically, to improved means for 
providing a realistic feel to the simulated controls of 
such trainers. 

In order to be of optimum value in familiarizing stu- 
dent pilots with the operation of actual aircraft, the 
movable, simulated control members of fixed-base 
trainers and simulators must react to applied forces in 
a manner as closcly identical to actual aircraft controls 
as possible. Conventional types of control! loading sys- 
tems, i.e., means providing a force on the control mem- 
ber opposing the force applied by the student, include 
hydraulic, pneumatic, mechanical and _ electrical 
means, and various combinations thereof, for providing 
the opposing force. Various advantages and disadvan- 
tages have, in general, been associated with the various 
means for providing the loading force and the type used 
in a particular application is usually based on the dic- 
tates of economy, degree of realism required, etc. 

It is common in a great many applications to derive 
and use an electrical signal to control the action of the 
force-opposing means, whether the latter be hydraulic, 
electric or mechanical. The magnitude and phase of the 
signal may be influenced by inputs representing the 
simulated dynamic air pressure on the control surfaces, 
and other simulated flight conditions, as well as the in- 
stantaneous position of and force applied to the control 
member by the student pilot. For this purpose, position 
follow-up devices such as rotary potentiometers are 
provided to indicate electrically the position of the con- 
trol member and the position of the force-opposing de- 
vice. 

In the disclosed embodiment of the present invention 
an electric motor is used to provide a force which op- 
poses the force applied manually to the contro] mem- 
ber. The electrical signal applied to the winding of the 
motor is dependent upon, among other things, the dif- 
ference in position between a potentiometer connected 
for movement directly by the control member and a 
second potentiometer connected for movement with 
the motor. If a rigid connection is provided between the 
control member and the motor, there will be no differ- 
ential movement between the two, of course, and no 
signal indicating a difference will be generated. Thus, 
some provision must be made for allowing a certain de- 
gree of motion differential between the control mem- 
ber and the force-opposing means. In the present in- 
vention this is efficiently and simply accomplished by 
providing a predetermined amount of slack in a loop 
cable which connects the control member to the motor. 

It is a principal object of the invention to provide a 
relatively simple and inexpensive means for developing 
a controlled difference or error signal in a position 
servo system used for control loading in a fixed-base 
aircraft trainer. 

A further object is to provide improved means for 
mechanically connecting a simulated control member 
to means providing a force opposing manual forces ap- 
plied to the control member in a manner allowing a cer- 
tain amount of differential motion. 

Still another object is to provide control loading ap- 
paratus for a fixed-base flight trainer which utilizes me- 
chanical elements identical to those in an actual air- 
craft with provision for generating a control signal for 
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2 
the force-opposing means through proper adjustment 
of such identical elements. 

Other objects of the invention will in part be obvious 
and will in part appear hereinafter. 

The invention accordingly comprises the features of 
construction, combination of elements, and arrange- 
ment of parts, which will be exemplified in the con- 
struction hereinafter sct forth, and the scope of the in- 
vention will be indicated in the claims. 

For a fuller understanding of the nature and objects 
of the invention reference should be had to the follow- 
ing detailed description taken in connection with the 
accompanying drawings, in which: 

FIG. 1 is a plan view of a typical flight trainer with 
portions broken away to show the incorporation 
therein of one embodiment of the invention; 

FIG. 2 is a schematic diagram showing the intercon- 
nection of various mechanical and electrical elements 
of the control loading system; 

FIG. 3 ts a side elevational view of a portion of the 
apparatus as seen along the linc 3—3 of FIG. 1; and 

FIG. 4 is an end view of the apparatus of FIG. 3. 

The control loading system of the present invention 
may be incorporated with any of the control members, 
such as rudder, aileron and elevator, normally provided 
on a conventional fixed-base flight trainer, as will be 
readily understood by those skilled in the art. In the il- 
lustrated embodiment, the usual control column 10 is 
shown installed in a typical flight trainer cockpit 12. 
The elements of the trainer, including cockpit 12, are 
mounted on a suitable, rigid framework 14 comprising 
a plurality of rigidly connected structural members. 
Manually engagable whecl 16 is affixed to the end of 
control column 10 for manipulation by a student pilot 
in exactly the same manner as the wheel of a conven- 
tional light aircraft. In fact, actual aircraft parts may be, 
and commonly are, used in trainers and simulators of 
this type. Details of construction and mounting of con- 
trol column 10 are, therefore, shown only schemati- 
cally in FIG. 1 and not shown or discussed in detail, and 
will be assumed to be identical to well-known aircraft 
installations wherein the control column may be ro- 
tated to effect aileron movement, resulting in aircraft 
roll, and moved axially to effect elevator movement, 
resulting in aircraft pitch. 

It is also conventional to connect the control column 
to the afore-mentioned control surfaces by means of 
cables passing around appropriate pulleys, or the like, 
mechanically connected to the control surface. Cables 
are likewise employed in the present system and pass 
around pulleys connected to the apparatus providing 
the opposing force, described later in more detail. 
Cable 18 is connected for movement in response to ro- 
tation of wheel 16, and thereby control column 10, and 
cable 20 is connected for movement in response to 
axial movement of the control column. Conventional 
rotary potentiometers 22 and 24 are mechanically con- 
nected directly to control column 10 by means sche- 
matically indicated in FIG. 2 by dotted lines 26 and 28, 
respectively. The electrical signals developed in depen- 
dence on the movement of potentiometers 22 and 24 
are commensurate with the rotational and axial posi- 
tions, respectively, of control column 10. 

For simplicity of illustration, cables 18 and 20 are 
shown somewhat schematically in FIG. 2, each passing 
around a pair of wheels or pulleys. In order to prevent 
any slippage of the cable on the pulleys, positive attach- 
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ment means are provided such as conventional ball 
locks indicated schematically at 27 and 29. Cable 18 
passes around pulley 30, connected for rotation by 
wheel 16, and around pulley 32, connected to the out- 
put shaft of suitable reduction gearing 34 which, in 
turn, is directly coupled to motor 36. Also connected 
for common rotation with the motor shaft are tachome- 
ter generator 38, a DC voltage generator providing 
electrical signals commensurate with velocity, and po- 
sition follow-up potentiometer 40, providing electrical 
signals commensurate with the rotational position of 
motor 36. These signals are applied to summing ampli- 
fier 42 along with the signal from potentiometer 22, a 
signal from amplifier 44 representing the tendency of 
the controls to return to the center or neutral position 
due to the effects of trim, and a signal from flight com- 
puter 46 representing simulated dynamic air pressure 
(conventionally represented by the letter g) on the con- 
trol surfaces. The control signal, represented by the 
output of summing amplifier 42 is applied to motor 36 
through power amplifier 48, along with a dither voltage 
supplied by oscillator 50. The latter is a conventional 
device uscd to supply a continuous voltage to the motor 
windings, alternating slightly about a null value in such 
a manner that the dither voltage does not move the mo- 
tor, but allows inertia thercof to be overcome more eas- 
ily, thereby increasing the response to control signals 
from amplifier 42 without large initial current drain. 

Elements of the control loading system thus far de- 
scribed are conventiona! in flight trainers or simulators 
of the type under consideration. The flight computer, 
amplifiers, position and velocity feedback devices, etc., 
as well as their general manner of employment in pro- 
viding a force opposing the manual force applied to the 
control member, have been previously employed in 
various well-known configurations, and the design and 
construction of embodiments suitable for employment 
with the present invention are well within the capabili- 
ties of those skilled in the art. Therefore, further details 
of these elements need not be described. Likewise, the 
elements used to provide control loading for axial 
movement of control column 10 may be identical to 
those used to provide loading for rotational movement. 
Such elements are shown in FIG. 2 in cooperative rela- 
tion to cable 20, pulleys 52 and 54, motor 56 and gear 
box 58, also scen in FIG. 1, but are not further num- 
bered or described. 

The present invention is specifically concerned with 
the signals supplied to summing amplifier 42 from posi- 
tion potentiometers 22 and 40, through lines 60 and 62, 
respectively. If the amount of rotation of wheel 16 were 
identical to rotation of motor 36, the relative positions 
of potentiometers 22 and 40 would always be the same 
and there would be no positional difference signal tend- 
ing to move motor 36 in opposition to movement of the 
control member. While previous control loading sys- 
tems have been provided with position servo means al- 
lowing differential movement of control member and 
force-opposing apparatus, such as springs or other re- 
silient elements connecting the two, the present inven- 
tion provides such differential movement in a construc- 
tion which may include only conventional aircraft 
parts. The force-opposing motive means are substituted 
for the aircraft control surfaces, but all elements of the 
control column, pulleys and cable may be essentially 
identical in construction and arrangement to those of 
an actual aircraft. 
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The aforementioned differential movement is accom- 
plished according to the invention by providing a pre- 
determined tension in cable 18 which allows a certain 
degree of slack so that initial movement of wheel 16 
may be reflected in tightening the slack rather than ro- 
tating pulley 32. Thus, the amount of slack may be rep- 
resented as “breakaway force,” or the force required 
to set the simulated control surface in motion from an 
initial position. The precise amount of predetermined 
tension, or cable slack, will be dependent to some ex- 
tent on such things as cable length, pulley diameter, 
and motor size as well as the desired degree of opposing 
force. A relatively loose cable, for example, enough to 
provide at least an inch of slack as indicated in FIG. 2 
over a distance of about 4 feet between pulleys, has 
been found desirable in typical applications. Cable ten- 
sion may be adjusted by any convenient, conventional 
means such as a turnbuckle, indicated in FIGS. 1 and 
2 by the reference numeral 64. 

Details of motor 36 and associated elements are 
shown in more detail in FIGS. 3 and 4. Shaft 66 extends 
from one side of motor 36 and is directly attached, by 
appropriate coupling means 68, to shaft 70 of tach gen- 
erator 38, which is supported on bracket 72 attached 
to the motor. The output shaft on the other side of 
motor 36 is connected to gear box 34, containing ap- 
propriate reduction gearing (not shown), which in turn 
has an output shaft 74 upon which pulley 32 is 
mounted. Chain 76 passes around collar 78 of pulley 32 
and around shaft 80 of potentiometer 40, thereby rotat- 
ing the potentiometer in direct correspondence to rota- 
tion of pulley 32 and motor 36. Also coupled to shaft 
80 is support 82, upon which rotary cams 84 and 86 are 
mounted by means of screws 88 and 90 which pass 
through slots 92 and 94 (FIG. 4), respectively, thereby 
allowing relative rotational adjustment of the cams. 
Follower 96 is mounted on an arm connected to a 
contact of microswitch 98 and rides on the peripheral 
surfaces of cams 84 and 86. Gear box 34, potentiom- 
eter 40 and microswitch 98 are mounted on support 
plate 100 or on brackets attached thereto. Support 
plate 100 is fixedly attached to portions of framework 
14, 

During normal operation of the control loading sys- 
tem, follower 96 rides on the low portions of cams 84 
and 86, as shown in FIG. 4, and the contacts of micro- 
switch 98 are closed. Rotation of pulley 32 in either di- 
rection to an extent sufficient to cause the high portion 
of either cam to deflect the follower results in opening 
the microswitch contacts. Rotation to this extent will 
occur only in the event of a system malfunction. Micro- 
switch 98 is interposed in the circuit of motor 36, 
whereby opening of the contacts cuts off power to the 
motor and prevents further operation until the mal- 
function is corrected. This protects against both me- 
chanical damage and electrical overload, particularly 
to power amplifier 48. The safety device is preferable 
to mechanical limit stops which are also subject to 
damage or malfunction, for example, if the cable 
should break or come off the pulleys. Furthermore, the 
cams can be conveniently mounted for common rota- 
tion with potentiometer 40. 

We claim: 

1. A control loading system including motive means 
for providing a realistic opposing force to the manual 
movement of a simulated aircraft control member in a 
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fixed-base flight simulator, said system comprising, in 
combination: 

a. means for deriving a first electrical signal commen- 
surate with the position of said control member; 

b. means for deriving a second electrical signal com- 
mensurate with the position of said motive means; 

c. means for deriving a control signal commensurate 
with the difference between said first and second 
signals to drive said motive means; 

d. a flexible non-elastic cable connecting said control 
member and said motive means for transmission of 
motion and force from one to the other; and 

e. said cable having a predetermined amount of 
slack, sufficient to allow differential movement be- 
tween said control member and said motive means 
which produces a differential between said first and 
second electrical signals. 

2. The invention according to claim 1 wherein said 
means for deriving first and second electrical signals 
comprise position potentiometers connected for direct 
movement with said control member and said motive 
means, respectively. 


IC 


20 


is) 
A 


30 


40 


45 


50 


55 


60 


65 


6 

3. The invention according to claim 2 wherein said 
motive means comprises un electric motor. 

4, The invention according to claim 1 whercin said 
cable passes around a pulley connected for rotation by 
said motive means and further means are provided to 
prevent slippage of said cable on said pulley. 

5. The invention according to claim 4 wherein said 
means for deriving said second electrical signals com- 
prises a rotary position potentiometer connected for 
rotation with said pulley. 

6. The invention according to claim 5 wherein safcty 
means are provided for interrupting the supply of 
power to said motive means in the event of rotation of 
said pulley beyond predetermined limits. 

7. The invention according to claim 6 whercin said 
safety means comprises a switch having contacts mov- 
able between open and closed positions in response to 
rotation of rotary cam means. 

8. The invention according to claim 7 wherein said 
cam means are affixed to the same shaft as said rotary 


potentiometer for coaxial rotation therewith. 
* * * * * 


